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Abstract
We account for the loss of coherence between the wave packets (mass states) of solar neu-
trinos to correct the limits placed on Z ′-boson coupling to Lµ-Lτ from the BOREXINO
measurement of the 7Be solar neutrino interaction rate. This effect is important for the
phenomenology of any model with new flavor-sensitive couplings in the neutrino sector.
1. A longstanding problem in particle physics naturally stimulate theorists to invent
solutions beyond the Standard Model of particle physics (SM). Discrepancies between mea-
surements and SM predictions can indeed be because of the incompleteness of the SM
(though, overlooked experimental issues and problems with theoretical calculations are not
excluded generically) and indicate explicit effects of new physics. A well known example is
∼ 4σ deviation in the muon anomalous magnetic moment (g − 2)µ, see, e.g, [1], inspiring
this activity for two decades and presently under studying at Fermilab [2].
One of the possible solutions of (g−2)µ puzzle is a new massive vector boson Z ′ coupled
to non-anomalous difference of muon and tau lepton currents, Lµ-Lτ [3]-[8],
L = gZ′Zρ
(
Lρµ − Lρτ
) ≡ gZ′Zρ (τ¯ γρτ + ν¯τγρντ − µ¯γρµ− ν¯µγρνµ) . (1)
The electrophobic nature of Z ′ prevents it from contributing to the similar (g − 2)e observ-
able of electron, which otherwise would clash with measurements. While limited by physical
constraints from many experiments in particle physics and astrophysics revealing no anoma-
lies, Z ′ boson can play a role of messenger of the dark matter sector, which makes the model
interesting in cosmology and deserving to be tested in a wider range of model parameters
[9]-[14].
2. One important limit [13] comes from measurements of 7B solar neutrino interaction
rate inside the BOREXINO detector [15]: virtual intermediate Z ′ boson may contribute to
νµ−e and ντ−e scatterings off electrons in the detector volume. The Z ′ coupling to fermions
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of the first generation emerge due to the γ − Z ′ kinetic mixing, which is generated through
the loop involving the muon and tau leptons [10, 13, 14]. Consistency of the measured rate
with SM predictions has allowed for imposing limits from above on the magnitude of Z ′
boson coupling gZ′ to Lµ-Lτ .
However, in doing it, the authors, e.g., of Ref. [13] have assumed that 7B solar neutrinos,
being originally pure electron neutrinos νe, oscillate on their way to Earth and arrive there
as equipartition combination of pure flavor states νe, νµ and ντ , so that each of the neutrino
flavor interacts coherently with matter of BOREXINO detector. The interaction rate then
is given by
Γ ∝ Fνµ + Fντ =
2
3
F7B , (2)
where Fνα are flavor fluxes and F7B is electron neutrino flux from
7B to be measured in
absence of neutrino oscillations.
In fact, that is not the case, since the neutrino wave packets lose the coherence on their
way to Earth [16] and arrive as pure mass states νi, i = 1, 2, 3 with fluxes
Fi = |Uei|2 F7B , (3)
where Uαi are elements of the PMNS matrix [16]. Each of the mass state is a known com-
bination of flavor states, νi =
∑
i Uαiνα, which hence couple coherently when exchanging Z
′
with matter. Since νe does not couple to Z
′ boson (except through the mentioned mixing
with Z boson which is small) and νµ and ντ coupling constants are equal in magnitude but
of opposite signs, the interaction of the neutrino mass states with Z ′ following from (1) upon
rotation of the neutrino states reads
L = gZ′Zρν¯iγρνj
(
U∗τiUτj − U∗µiUµj
)
. (4)
Hence, the expected impact of Z ′ on the 7B solar neutrino interaction rate in BOREXINO
should be summed over all the three initial mass states and all the three final neutrino mass
states, which reveals
Γ ∝
∑
i
Fi ×
∑
j
∣∣U∗µiUµj − U∗τiUτj∣∣2 = F7B ×∑
i
|Uei|2 ×
∑
j
∣∣U∗µiUµj − U∗τiUτj∣∣2
= F7B ×
∑
i
|Uei|2 ×
(|Uµi|2 + |Uτi|2) = F7B ×∑
i
|Uei|2 ×
(
1− |Uei|2
)
= F7B ×
(
1−
∑
i
|Uei|4
)
,
(5)
where we simplify the formula by making use of the unitarity of the PMNS matrix. Instead
of (2), it gives numerically
≈ 0.45× F7B
for the central values of the neutrino mixing parameters taken from [16].
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Note in passing that the same formulas (5) can be obtained by considering the neutrino
interaction in the flavor basis. There the scattering of muon and tau neutrinos from a
particular wave packet (pure mass state) must be sum up incoherently, which gives
Γ ∝
∑
i
Fi ×
(|Uµi|2 + |Uτi|2)
coinciding with (5) for the fluxes (3).
Consequently, the limits of Z ′ boson couplings gZ′ from Ref.[13] must be weakened by
a factor ≈ (0.66/0.45)1/4 ≈ 1.11 leaving a wider room for testing in the NA64µ [9, 10] and
M3 [11] experiments at CERN and Fermilab. Due to significance of the (g-2)µ anomaly
for a possible discovery of new physics, despite of the fact that BOREXINO bounds have
already probed indirectly the scenario under consideration, it would be of great importance
to perform direct searches for . 10 MeV Lµ − Lτ Z ′ in these experiments. An estimate
shows that, e.g., the NA64 constraints on the couplings gZ′ in this mass range, which can be
obtained from the analysis of data collected for the invisible decays of dark photons [10, 17],
are comparable with those presented above.
To conclude, we expect this effect of losing the coherence must be important for phe-
nomenology of any model of new physics with non-universal interactions with neutrino fla-
vors: e.g. in models with neutrino dipole moments different in values for electron, muon
and tau neutrinos.
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